determine the confidence that a model is fit for the purpose for which it will 24 be applied.
For the full design, implementation, and analysis detail that underlies this model we re-139 fer the reader to the models accompanying publication and supporting materials [3] . To in Figure S2 (B).
153
By running the Petri net model under different simulated physiological conditions (pa-154 rameter exploration), the authors were able to suggest pathways through which regulation 155 of effector functions occur within the granuloma. Yet, for the potential of these insights 156 to further our understanding of the disease and impact therapeutic development to be which the model has been developed are transparent and understood.
159

ENGINEERING TRANSPARENCY
160
In this section we outline a process using structured argumentation that assists the record-161 ing of justifications and rationale for both the biological detail and engineering processes 162 that underlie the development of a computational model. The process and associated 163 tools to support that process take inspiration from the field of safety-critical systems, 164 where it must be demonstrated that a software system is as safe as reasonably practicable 165 [17]. Acceptable safety can be established and presented using arguments over evidence. areas of biological study that have been overlooked or require further laboratory work.
189
The process of constructing a claim using the semantics in Artoo is described in Figure   190 S5. thus providing informative transparency of the lack of evidence to support the claim.
208
Such a modification is vital in QSP modelling applications, where expert opinion and 209 assumptions have to be used to mitigate the fact that the understanding of the biological 210 system may be incomplete.
211
Taking the description in Figure S4 as a template of how to develop a claim, we turn 212 attention to developing claims that encompass all stages encountered in model develop-213 ment. In Figure S5 we have split the process into seven distinct phases, all of which,
214
we believe, greatly benefit from the adoption of a structured argumentation approach in 215 revealing the rationale employed at that stage. To exemplify creation of argumentation 216 at each phase, we now go through each in turn, providing case study examples in the 217 context of leishmaniasis.
218
Step 1 -Define Purpose of the Model
219
As can be seen in Figure S5 , understanding and defining the intended purpose of a model 220 is a key part of the process, as the rationale for the other key phases of model development in Figure S3 , this top level claim is usually associated with context nodes that define the 229 key terms used to specify that purpose. From here, strategies are then set that will be 230 used to argue that the top level claim is met: that the tool is fit for its specified purpose. purpose. Attached to this claim are six strategies that will be used to support the claim.
237
It is hopefully easily noticed that these six claims correspond to the six rounded rectan- Step 2 -Assess available biological evidence
241
Once a purpose has been defined, an understanding of the underlying pharmacological 242 and biological processes that will be used for the development of the model needs to be ical evidence is being used should be produced: without a specification of the data used or 247 any assumptions employed, it is difficult for researchers using model-derived predictions 248 to relate this prediction to their own experimental study.
Step 2 of our process supported 249 by argumentation is used to assess (i) the scope of any supplied biological data; (ii) the 250 understanding gleaned from experts studying the biological system and (iii) the areas identified, well informed, justified, assumptions will need to be introduced into the model.
280
It is critical that the justification for any such assumptions are documented alongside the 281 predictions generated by the model, as their introduction may have an influence on the 282 validity of that prediction. If, for example, the purpose of the model is to produce pre-283 dictions that inform laboratory research, it is vital that confidence in the assumptions are 284 a fair reflection of the experimental system on which they will be testing this prediction: 285 key when financial and technical resources have to be considered within a study.
286
In Figure 4 we expand on two examples from the cytokines that were being considered 287 in
Step 2. We demonstrate two common simplifying assumptions. For IL-1, the proposed 288 mechanism of action on parasite load is killing of parasites indirectly via heat shock. It on what is observed [14] . Therefore, it is important that the rationale for the choice of 308 modelling system be exposed. As an example, a claim could be made that an agent-based 309 modelling paradigm is most suitable for addressing the question of concern. Strategies 310 would then be employed to determine whether this is indeed the case, or whether other 311 approaches such as Ordinary Differential Equation (ODE) modelling would be more ap-312 propriate. By using argumentation at this stage, the developer has a record of the im-313 plementation decisions that were taken, with a fully evidenced justification of why these 314 decisions were taken. claim, arguing that we can capture the required stochasticity, capture granuloma hetero-324 geneity, handle small integer number calculation, and produce an implementation that is 325 computationally tractable. In this case we are able to evidence all four claims, suggesting 326 we have a suitable approach for capturing the key aspects specified in the claim. and simplifying these into a single mechanism, or determining a biological concept to be 343 unnecessary given the scope of the model, does however introduce assumptions that must 344 both be taken into consideration when relating a model-derived result to the real system 345 and be justified. The first, supported by collaborators opinion, would suggest that these cells could po- (such as equations), and links can be drawn to evidence derived on argumentation dia-378 grams from previous phases of the process. Testing a complex simulation is much more 379 difficult. In Figure 7 , the strategy to argue that the Leishmaniasis simulation was ade-380 quately tested has been to ensure adequate structural coverage of the code by tests. In 381 this case, as is typically the case in high integrity software engineering, this strategy is 382 split into three phases: requirements testing [36]; unit testing [23] ; and manual review.
383
Requirements testing ensures that the system has a collection of requirements describ-384 ing the tasks that the system should perform, and it ensures that each requirement has an 385 associated test (or collection of tests) that demonstrates the system fulfilling the require- demonstrates that the implementation performs only its tasks and nothing else.
392
In practice, it might be impractical to achieve full code coverage using just require-393 ments tests at the system level. For example: there might be some error-checking code 394 deep within the call tree that is difficult to trigger under normal conditions. For these 395 cases, unit tests are used to inject particular values into the implementation to increase 396 the code coverage of the requirements tests.
397
Even using unit tests, it may not be possible to achieve full code coverage for some 398 types of code. For example: robustness checks, system libraries, or code that only executes 399 when running the system in a different mode. For these cases, the code is reviewed 400 manually to either determine that it will not execute in the situations we are providing, 401 or to argue why it does not need to be tested (for example, a commonly used system 402 library). Given the criticality of models we consider adequate testing to mean achieving 
PURPOSE, DESIGN and IMPLEMENTATION
432
Where the described process is employed, the key biological information to be modelled 433 will be identified, translated into a format that can be encapsulated within a computer However, for computational modelling studies to achieve that potential, it is critical that 506 the relationship between the model and the biological system being captured is fully . However, the issue of confidence in a model must go further than that: 515 the code may well be adequate to do the job it has been designed to do, this does not 516 imply that the biological system has been captured appropriately [5] .
517
In this tutorial we have detailed a process through which the rationale underlying 518 the design, implementation, and analysis of a model of a biological system is generated.
519
We see this process being applied either within a process of model construction or as 520 a tool through which an assessment of a previously developed model can be performed. To show how these components are linked together, we present the description of each component within the format of an argument structure. An Assumption node provides a means of specifying any information that is assumed to be true when arguing over a claim or designing a strategy to examine a particular claim. Explicitly stating the inherent assumptions eases the process by which others can assess the extent to which the argument over a particular claim holds.
J Justification A Justification node should contain the reasoning for the application of a particular strategy in order to substantiate a claim. Justifying the approach used explicitly can reveal the extent to which alternative strategies have been considered, and why this strategy was selected over those alternatives.
Unsubstantiated Claim
Unlike the application of structured notation in formal safetycase arguments, a claim can be shown to be unsubstantiated in the approach described in this paper. Biological systems are not fully understood, and it may not be possible to generate evidence to substantiate the complete set of fitness for purpose requirements. Where this is the case, it is critical that the lack of evidence is explicitly stated in the argument, and the limitations of the model are shown. In our approach, a lack of substantiating evidence is shown by attaching a white diamond to that claim As the argument becomes more complex, it may become difficult to follow. As such we have introduced a black diamond notation, representing the continuation of the argument surrounding this claim on a different diagram Node containing the Evidence that is used to substantiate an attached claim. In Artoo, it is possible to hyperlink to this evidence, which could include publications, experimental results, statistical analyses, etc. Each claim is accompanied by one or more strategies that will be used to determine if that claim can be supported. This could, as examples, be a particular experimental strategy or systematic literature review. A strategy is always stated in a parallelogram.
A claim or strategy can also be accompanied by a justification or assumption node to provide more detail on the choice of the claim being made or the strategy that was followed. Semantics in Supplementary Figure 1 Strategies, unless leading to evidence (see part E), are then broken down into sub-claims, and the process repeated. In this case, the strategy is divided into four sub-claims, each of which examines a key part of the model development process.
If evidence can be provided that supports a claim, this is stated in an evidence node: a circle. In Artoo, electronic links to this evidence can be provided. Diamonds on the diagram indicate either: (i) a claim cannot be supported. If no evidence can be provided, a white diamond can be used to show this is the case.
(ii) the argument is detailed on another diagram. A black diamond is used to show the claim is fully described elsewhere. Figure S4 : Process of developing a specific claim, using the diagrammatic notation used in Artoo. Figure S5 : Process through which assessing the rationale for model design, implementation, and analysis should be conducted. Each stage of the process is grounded in the purpose for which the model was developed. Arrows linking to Purpose are bidirectional as the purpose shapes what assumptions and abstractions are appropriate, and conversely, decisions about assumptions and abstractions that are made can de facto alter the purpose for which the model is fit. Note the lack of defined end point: arguing fitness for purpose has potential to inform later iterations of model and study development.
